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ABSTRACT 


Some  preliminary  results  are  presented  from^REOV  recently 
acquired  optical  correlator  for  synthetic  aperture  Interf erograms . 

The  imagery  comes  from  three  different  sources:  The  ERIM  X  and  L- 
band  SAR  and  the  modified  APS-94D  Mo  toroid  radar  from  CRet  Imagery 
produced  at  ERIM  Is  compared  with  Imagery  produced  at  DREO  from  the 
same  inter fetogram  data. 


RESUME 


On  prSsente  quelques  resultats  prillmlnaires  prodults  par  le  corr£lateur 
d'lnterferogramme  de  radar  3  antenna  synth£tlque  rScemment  acquis  par  le 
CRDO.  II  s'agit  d' images  provenant  de  3  radars  differents  soient  le  radar 
d'ERIM  bande  X  et  L  et  le  radar  Motorola  APS-94  modlflf  par  le  CRC.  On 
compare  les  premieres  images  produltes  3  CRDO  avec  cellea  produltes  3 
ERIM  3  partir  des  me me 8  donnSes. 
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1.0  INTRODUCTION 


Synthetic  Aperture  Radar  (SAR)  is  a  remote  sensing  tool  of  con¬ 
siderable  value.  It  produces,  independent  of  adverse  weather  conditions 
imagery  of  the  terrain  below  it  and  can  achieve  high  resolution. 


Figure  1  -  Inter ferogram  from  a  Synthetic  Aperture  Radar  (from  ERIM) 


The  data  produced  by  this  type  of  sensor  is  in  the  form  of  an 
interferogram  (see  Figure  1)  which  has  to  be  processed  to  produce  Imagery 
suitable  for  visual  interpretation.  The  additional  signal  correlation  of 
this  data  needed  to  obtain  an  observable  image  is  fully  justified  by  the 
great  increase  in  resolution  achieved  over  Sideways  Looking  Airborne 
Radar  (SLAR) . 
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The  Remote  Sensing  Section  et  DREO  is  very  interested  in  the  many 
possible  applications  of  this  type  of  high  resolution  radar  technique. 

A  project  was  initiated  to  investigate,  real-time,  in  flight, 
processing  of  SAR  lnterf erograms .  A  program  was  started  in  1973  by 
Dr.  R.  Lowry  [l]  to  build  an  optical  correlator  compatible  with  the 
coherent  SAR  being  developed  by  the  Communications  Research  Centre  (CRC) 
using  an  incoherent  Motorola  APS-94D  SLAR. 

Initially  Mr.  Michael  Falles  [2]  of  Canadian  Inst  rumen  ta  tlon  and 
Research  Ltd.,  Toronto,  was  contracted  to  design  a  prototype  correlator 
containing  separate  spherical  and  cylindrical  telescopes.  Applied  Physics 
Specialties  Ltd.,  Toronto,  manufactured  the  optical  glass  elements  of  the 
correlator. 


The  optical  correlator  was  completed  in  May  1976  and  then  was 
assembled  by  DREO. 

The  first  Images  were  produced  using  computer  generated  simulated 
interf erograms  [3]  since  at  the  time  the  CRC  radar  had  not  produced  any 
interf erograms.  The  results  using  the  simulated  data  was  encouraging 
so  it  was  decided  to  proceed  with  more  complex  radar  interf erograms. 

In  conjunction  with  CRC  and  the  Canadian  Centre  for  Remote  Sensing 
(CCRS) ,  DREO  purchased  an  lnterferogram  and  the  corresponding  correlated 
imagery  from  the  Environmental  Research  Institute  of  Michigan  (ERIM) . 

The  data  resolution,  which  was  degraded  to  3  x  3  metres,  was  obtained 
from  the  Marineland  Experiment,  1976,  over  the  east  coast  of  Florida, 
using  an  X  and  L  Band  frequency  SAR  with  cross  and  parallel  polarisation. 

At  a  later  date,  CRC  provided  some  Imagery,  obtained  from  a 
modified  APS  94  radar,  of  sea  ice  areas  over  Northern  Canada  in  the 
fall  of  1976. 

Presented  herein  are  the  preliminary  results  of  optical  processing, 
using  the  DREO  correlator,  of  the  available  interf erograms  and  the  results 
are  intended  to  give  some  idea  of  equipment  requirements,  price,  availability 
and  future  applications. 

The  results  should  not  be  used  for  final  evaluation  of  the  system. 

A  more  complete  evaluation  will  be  carried  out  when  the  application  of 
techniques  mentioned  in  the  Conclusion,  Section  4.0,  have  been  examined. 


2.0  DESCRIPTION  OF  THE  OPTICAL  CQRRETJkTQR 


Special  processing  of  a  radar  lnterferogram  is  required  to  obtain 
observable  imagery  because  of  the  particular  way  SAR  operates  (6)  (I). 
Optical  correlation  is  by  far  the  easiest  and  least  expensive  method  of 
producing  imagery. 


The  cylindrical  telescope  applies  an  appropriate  magnification  and 
Images  the  azimuthal  information  after  It  has  passed  through  the  spherical 
telescope,  (see  Figure  4).  Note  that  the  final  Image  is  produced  at  the 
plane,  denoted  'Image',  in  Figures  3  and  4. 

The  amount  of  magnification  of  the  cylindrical  telescope  coincides 
with  the  aspect  ratio  of  the  lnterferogram.  All  lnterferograms  used  have 
4:1  azimuth  to  range  ratio  hence  for  corrected  output  at  the  image  plane 
the  magnification  of  the  cylindrical  telescope  Is  0.25. 

Figure  5  shows  the  arrangement  of  these  lens  systems  used  in  the 
DREO  correlator. 


Figure  5  -  Set  up  of  the  DREO  Correlator 


L  =  laser 
C  =  collimator 
M  =  mirror 

0  =  object  (interferogram) 

Lj  =  spherical  lens 
F  =  Fourier  plane 
1>2  =  spherical  lens 
Lj  =  cylindrical  lens 
Li»  =  cylindrical  lens 
Ls  =  cylindrical  lens 
I  =  image 

Table  1  describes  the  five  elements  of  the  correlator.  A  more 
detailed  description  may  be  found  in  [2]  or  [4]. 
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TABLE  J 

Characteristics  of  the  Five  Optical  Elements  of  the  Correlator 


ELEMENT 

NUMBER 

TYPE  OF 

LENS 

NUMBER  OF 
COMPONENTS 

DIMENSIONS 

(mm) 

1 

spherical 

1 

80 

2 

spherical 

3 

100 

3 

cylindrical 

2 

90  x  90 

4 

cylindrical 

1 

24  x  80 

5 

cylindrical 

4 

70  x  70 

The  interferogram  is  placed  in  a  liquid  gate  at  the  input  plane  at 
a  predetermined  position  relative  to  element  No.  1.  When  illuminated  with 
a  coherent  source  with  a  plane  wavefront  a  resulting  observable  image  may 
be  recorded  at  Plane  I,  the  output,  see  Figure  5.  For  convenient  observa¬ 
tion,  a  TV  camera  and  monitor  may  be  used  to  detect  the  image  which  allows 
real  time  adjustments  of  the  alignment  and  spacing  of  lenses. 


3.0  IMAGERY  EVALUATION 


3.1  Imagery  from  ERIM  X-band  SAR 


The  preliminary  work  concentrated  on  processing  ERIM  X-band  SAR 
lnterferograms  with  the  received  signal  in  the  same  plane  of  polarization  as 
was  transmitted,  or  'parallel'.  The  location  of  azimuthal  and  range  input 
were  determined  using  the  methods  employed  by  Lee  and  Greer  [5].  It  was 
found  that  the  range  Information  focuaed  in  a  plane  16  nm  from  the  film 
plane  and  the  azimuthal  information  focused  in  a  tilted  plane  an  average 
of  82  on  from  the  film  pi we. 

The  compression  or  aspect  ratio  of  the  azimuthal  information  was 
4.0  and  the  resulting  maximum  resolution  obtainable  from  the  Imagery  was 
3x3  metres. 
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The  above  parameters  were  used  to  generate  a  computer  simulation 
[4]  of  the  correlator  to  find  the  optimum  location  of  each  of  the  elements 
to  produce  the  best  image. 

Figure  6  shows  an  image  produced  by  the  DREO  correlator  of  ERIM 
X-band  interferogram  and  can  be  compared  with  Figure  7  showing  the  ERIM 
correlation  of  the  same  interferogram.  A  brief  comparative  analysis  shows 
the  following  observations: 

1.  The  DREO  image  showed  defocusing  on  both  sides 
of  the  building  also  indicating  evidence  of 
coma  aberration. 

2.  The  resolution  of  the  ERIM  image  was  1.5  to 
2.0  times  better  than  the  DREO  image,  although 
detail  in  the  building  site  area  was  better 

in  the  DREO  image,  possibly  due  to  a  better 
exposure . 

3.  Speckle  size  appeared  to  be  proportional  to 
scale  but  a  little  more  blurred  in  the  DREO 
case. 

4.  Contrast  was  lower  in  the  DREO  image  giving 
more  information  in  the  lower  return  areas 
(water) . 

5.  Ground  truth  was  not  available  and  so  no 
estimates  of  absolute  scale  or  spatial 
resolution  was  made. 


Figure  6  -  Image  Produced,  by  the  DREO  Correlator  from 
an  X-band  Interferogram  Bought  from  ERIM 


Figure  7  -  Image  Produced  by  the  ERIM  Correlator  from 
the  Interferogram  used  to  Produce  the  Image 
Shown  in  Figure  6. 


Figure  8  shows  the  DREO  ocean  image  of  ships  (ERIM  X-band  SAR) , 
of  unknown  size,  as  well  as  waves.  This  was  produced  with  the  focus  on 
the  beach  buildings.  Figure  9  shows  the  ocean  image  of  the  same  area  but 
with  defocusing  of  the  buildings  by  moving  the  cylindrical  telescope  4  mm. 
Image  blurring  of  the  ships  and  beach  building  is  obvious  and  expected  but 
the  wave  images  are  still  sharp  although  slightly  displaced. 


Figure  8  -  Sea  Waves  Picture  with  Focus  on  the  Beach  Building  (X-band) 


Figure  9  -  Sea  Waves  Picture  with  a  4  mm  out 
of  Focus  Cylindrical  Telescope 


3.2  Imagery  from  ERIM  L-band  Radar 


Correlation  of  ERIM  L-band  SAR  (parallel  polarization)  was  also 
achieved  with  changes  to  the  correlator. 


The  range  input  image  was  focalized  at  18  mm  from  the  film  plane 
but  it  was  impossible  to  measure  the  location  of  the  azimuthal  input  image 
plane  because  of  the  distance.  Calculations  from  the  parameters  gave  a 
location  approximately  1  metre  from  the  film  plane.  The  compression  ratio 
was  set  at  4.5:1. 


Figure  10  shows  the  DREO  correlated  image  of  L-band  SAR  and  it  can 
be  compared  with  Figure  11,  the  ERIM  image  of  same  interferogram.  The 
comparison  shows  that  the  ERIM  imagery  is  of  slightly  better  quality  than 
that  produced  by  DREO. 


Figure  10  -  Image  Produced  by  the  DREO  Correlator 
from  an  L-band  Interferogram  Bought 
from  ERIM 


Figure  11  -  Image  Produced  by  the  ERIM  Correlator 
from  the  Interferogram  used  to  Produce 
the  Image  Shown  in  Figure  10 
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3.3  Imagery  from  CRC  Radar 


The  first  interf erograms  from  the  CRC  modified  radar  were  correlated 
with  the  imagery  shown  in  Figure  12.  The  imagery  was  recorded  over  an  ice 
field  and  it  was  found  that  the  signal  recorded  had  Inadequate  dynamic  range. 
Further  work  is  being  carried  out  to  improve  the  quality  of  the  interf erograms. 
The  generation  of  the  interf erogram  is  slightly  different  from  the  ERIM  process. 
The  azimuthal  input  image  is  focused  some  89  mm  from  the  film  plane  but  the 
range  input  image  is  coincident  with  the  film  plane.  This  technique  is  more 
noisy  as  any  defect  or  dust  particle  on  the  film  will  also  be  imaged.  The 
comparison  ratio  of  the  azimuthal  image  was  maintained  at  4.0:1 


Figure  12  -  Image  from  an  Ioe  Field  Proouded  by  the 
DREO  correlator  from  an  Interf  erogram 
Using  the  Modified  CRC  Motorola  APS-94 
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3.4  Discussion  of  Analysis  Technique 


1.  Difficulties  were  experienced  with  the  correlation  of 
Imagery  using  tilted  Input/output  planes.  Proper  tilting 
mechanism  of  the  films  should  greatly  Improve  resolution 
quality. 

2.  New  equipment  Is  being  built  to  improve  the  mechanical 
alignment  of  lenses  to  help  reduce  aberrations. 

3.  Further  improvements  can  be  achieved  by  using  standard 
alignment  procedures. 

4.  Computer  design  analysis  [2]  Indicated  the  need  for  curved 
azimuthal  input  and  output  planes.  This  aspect  has  not 
been  Investigated  yet  but  could  Improve  the  overall  quality 
of  the  azimuthal  image. 


4.0  CONCLUSIONS 


1.  The  first  experiments  performed  with  the  correlator  were 
very  promising.  They  demonstrate  that  the  equipment 
provides  a  great  deal  of  flexibility  in  producing 
Imagery  from  various  sources  of  lnterferograms ,  such 
as,  ERIM  X-band ,  ERIM  L-band  and  CRC  X-band.  The 
correlation  of  ERIM  L-band  SAR,  which  required  con¬ 
siderable  alteration  to  the  system,  demonstrates  the 
versatility  of  the  design. 

2.  Even  though  some  of  the  technical  problems  related  to 
the  use  of  the  correlator  have  not  yet  been  solved 
the  Images  produced  exceeded  expectations. 

3.  The  best  quality  Imagery  will  be  available  when  the 
tilted  plane  and  curved  plane  lnovatlons  are  Incor¬ 
porated.  It  Is  expected  that  the  resulting  Imagery 
will  equal  that  produced  by  the  best  optical  corre¬ 
lators  which  have  been  produced  to  date. 


>1 
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